Aim: India is a high burden tuberculosis country. Past BCG vaccination could cause sensitisation against TB antigens. Patients with systemic inflammatory rheumatic diseases (SIRDs) have inherent anergy . Also, they are often treated with glucocorticoids and other immunomodulatory drugs. These two confounders may affect TST, which is otherwise a robust screening method for studying TB epidemiology. Possibly for these reasons Indian Rheumatology Association did not recommend TST for the screening of TB infection (latent or disease) before initiating TNFi treatment. The present work examined TST results in SIRDs with the objective of whether it could be used for the screening of latent TB infection among SIRD patients in the Indian context. Method: 60 adult rheumatoid arthritis (RA) and 191 axial Spondyloarthritis (axSpA) patients were Mantoux tested using a higher PPD strength of 10 TU to offset inherent disease anergy. The test was read after 48 to 72 hours. It was interpreted according to the nationally recommended cutoffs that takes into account sensitisation to BCG or environmental mycobacteria. Thus, in this study, an induration of >10 mm was considered as 'latent TB infection'.
Introduction
Infection with Mycobacterium tuberculosis causes tuberculosis (TB) that is further classifiedas 'latent TB infection' (LTBI) and 'TB disease' [1] [2] [3] . Tuberculin skin (Mantoux) test (TST) for the detection of TB infection is among the oldest tests in medicine, developed by Charles Mantoux between 1907-12 [4] . Despite problems and controversies, TST has been widely used around the world to estimate the prevalence of LTBI in the population [5, 6] .
Soon after the approval and availability of tumour necrosis factor-α inhibitors (TNFi) for the treatment of rheumatoid arthritis (RA) it was reported that these agents increased the risk of flare of TB infection, the magnitude of which could vary with the agent, dose, doseschedule, and the background load (high, medium, or lowburden regions) of TB [7] . RA is a chronic systemic inflammatory disease with some degree of immunocompromised state [8] in common with other chronic conditions [9] . Moreover, most patients are treated with immunomodulatory drugs, often with glucocorticoids (GC) that could interfere with TST response [10] . Further confounders to TST status could be previous BCG vaccination and possible high back-ground positivity in a highburden TB country like India. Possibly for this reason Indian Rheumatology Association (IRA) did not recommend TST for LTBI screening before initiating TNFi treatment in RA patients [11] .
The present study was conducted to systematically evaluate the status of TST among patients being considered for treatment with TNFi in a real-world situation. These patients were under the follow-up of the joint disease clinic of this hospital. The RA patients were being treated with conventional synthetic diseasemodifying drugs (csDMARDs), mostly in combinations with once a week GC, a schedule that has been followed for the last several years [12] . Patients with axial Spondyloarthritis (axSpA) were being treated with continuous (not 'on-demand') nonsteroidal anti-inflammatory drugs (NSAIDs) [13] . Those failing this treatment regimen were offered TNFi treatment. TST was performed as part of the standard LTBI screening procedure recommended in an earlier publication [14] .
Patients and Methods
This hospital is a private sector enterprise where the patients have to pay for health-care. Because most of the patients in India do not have health insurance coverage, they themselves have to bear the cost. Thus, the patients included in this study belonged to the middle-and upper-middle class well-to-do strata of the society. Financially low-income class of patients usually attends government hospitals or charity hospitals where the health-care is either free or highly subsidized.
Patients aged 18 years or more with RA or axSpA under the follow-up of the Joint Disease Clinic (JDC) of this hospital were included in the study. Approval of the Institutional Ethics Committee was obtained for extracting information retrospectively from an electronic database of the JDC under strict confidentiality. RA and axSpA patients who had failed the standard csDMARDs (in RA) and NSAID treatment of axSpA respectively, and were under consideration for the initiation of TNFi treatment, seen from 22 October 2010 to 10 January 2015, were included in this study.
The standard screening procedure for LTBI [14] with modifications described in the subsequent publication [15] , were followed. Mantoux test was performed and read exactly as recommended by the experts [4, 16, 17] with the difference that 10TU/0.1ml PPD (I.P. with Tween 80 as stabilizer corresponding to 0.005% and phenol <=0.5%; Span Diagnostics, Surat, Gujarat, India; web: www.span.in) was used for the test. The reading was taken any time between 48 to 72 hours. The exclusion criteria were mainly those that are contraindications for TNFi treatment, i.e. patients presently on cancer treatment or having received such treatment in the past, severe heart failure, within a year of joint replacement, pregnancy or lactation. Also, patients who could not return to this clinic for Mantoux reading and the results were read and reported by their local physicians were excluded from the analysis of the results.
In India Bacillus Calmette-Guérin (BCG) vaccination programme was abandoned in 1987 when it was proven to be ineffective in preventing TB infection [18] . Moreover, several studies have shown that the impact of BCG vaccination wanes off over time, when it is given to children and it does not interfere with the Mantoux reading [19] . However, as a routine left deltoid region of the patients being administered Mantoux test was examined routinely.
Screening for active TB infection
All the patients offered TNFi treatment were first screened for clinically active TB infection (TBI) using the standard 'Foursymptom complex for TB screening' ('4S' strategy) questionnaire for adults i.e. Current 1. Cough, 2. Fever, 3. Weight loss and 4. Night sweats [20] supplemented with a standard chest radiograph. The sensitivity of '4S complex' questionnaire is 85%, with a negative predictive value for cases of pulmonary TB (NPV 97.7% [95% CI 97.4-98.0]).
Interpretation of Mantoux test results
For the interpretation of Mantoux test, recommendations of National Tuberculosis Institute, Bangalore (now Bengaluru), were followed [4, 16, 17 ].
1. An induration of < 5 mm was considered to be indicative of lack of tuberculin sensitization or having severe immunosuppression [4, 16, 17] . We used this result as a surrogate for 'never having contracted TB'.
2. An induration from 5 to 9 mm was considered due to crosssensitivity to environmental mycobacteria or due to BCGinduced sensitization.
3. An induration from 10 to 14 mm that could be attributable to 3 different causes namely ( I ) Infection with tubercle bacilli; (ii) Due to cross-sensitivity to environmental mycobacteria;(iii) BCG-induced sensitization. Because TB flare is considered a serious adverse effect of TNFi therapy, we wanted to be over
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4. An induration of >15mm was considered TB infection.
Mantoux test-based Intervention
Category 1. Patients with induration from 10 to 14 mm were initiated on isoniazide hydrochloride 300mg (5 mg/Kg body weight (body weight) daily with pyridoxine 10 mg daily treatment simultaneously with the initiation of TNFi treatment.
Category 2.
Patients with induration of >15 mm were initiated on the nationally recommended standard anti-tuberculosis treatment (4 drugs for 2 months, 2 drugs for 4 months) under the supervision of the pulmonologist. At least 1 month of this treatment was given to the patients before initiating the TNFi treatment. The above TB prophylaxis schedule was based upon local TB specialists; where category 1was considered as having LTBI while category 2 patients the possibility of active TB disease was a consideration.
Results
The study included a total of 478 patients on whom the Mantoux test was carried out. Two hundred and twenty-seven outstation patients did not return between 48-72 hrs for the reading of the Mantoux test. Their Mantoux readings were carried out by their local physicians. Because of the questionable reliability of the reading technique, these patients were excluded from further analysis. The other251 patients including 60 patients with RA and 191 patients with SpA made a return visit between 48 and 72 hours for Mantoux reading. For comparison, 151 patients with RA and 477 patients with SpA on whom Mantoux test was not carried out were included in the study.
The demographic characteristics of these patients are given in Table 1 . (Table 1A , 1b) Of a total of 211 patients with RA there were 178 females with female: male ratio of 5.4: 1. Rheumatoid factor was positive in significant titers in 176 (83.4%), anti-CCP antibody in significant titer was present in 184(87.2%) patients, both of these antibodies were present in 149 (70.6%) patients. Only +ve RF was present in 27 (12.8%) patients and only anti-CCP was positive in 35 (16.6%) patients Sixty-nine (32.7%) patients had the disease duration of < 6 months (early disease) while the other 141 (67.3%) had established or late disease at the first clinic visit. Using Clinical Disease Activity Index (CDAI)21 cut-off values 196 (93%) patients were in 'high' or 'moderate' disease activity state at the first presentation; majority were naïve to disease modifying antirheumatic drugs (DMARDs) or, treated with suboptimal doses of DMARDs. An important point to note in the present study was that during the (short) period of this study, none of the patients developed active TB infection while taking TNFi drugs.
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Discussion
In this study, 38.24% of a total of 251 patients were found to be Mantoux positive when the test was interpreted according to the recommendations of The National Tuberculosis Institute, Bangalore (now Bengaluru), India [4, 16, 17] . The positivity among RA patients was 31.6% and among SpA patients 40.3%. Thus, as can be seen in table 2, approximately 60% of RA and 48% of SpA patients were completely Mantoux negative with induration of < 5 mm. This would indicate lack of tuberculin sensitization, which could be a considered as a surrogate for never having contracted TB [4, 16, 17] . The only other condition that may cause complete Mantoux negativity is severe immunodeficiency state [4, 16, 17] that these patients did not have. It needs to be mentioned here that in India, HIV screening is not mandatory in patients who are considered for biological treatment. In the experience of the senior author (ANM), in 18 years of practice only 1 patient was seen who had clinical HIV infection symptoms that was confirmed with laboratory testing.
There were 8.3 % RA and 11.51 % SpA patients who showed induration of 5 to 9 mm which could be attributable either to cross-sensitivity with environmental mycobacteria or to BCG vaccination [4, 17] . There were 13.3 % RA and 16.23 % SpA patients who showed induration from 10 to 14 mm, a range which needs to be interpreted very carefully [4] . This is because it could be attributable to 3 different causes namely 1. LTBI; 2. Due to cross sensitivity to environmental mycobacteria; 3.BCGinducedsensitivity [4, 17] . In clinical scenarios where it is imperative not to miss a TB infection, e.g. patients to be initiated on TNFi treatment, this category should be considered as 'LTBI'. There were 18.3 % RA and 24 % SpA patients with induration of >15 mm that is considered TB infection and treated as active TB infection [4, 14, 17] . Thus, a simple and cheap investigation namely, Mantoux test was able to provide robust information that 31.6 % of RA and 40.3 % SpA patients who underwent TST were candidates for TB prophylaxis. In a recent editorial, a similar opinion was expressed that it is too early to give-up TST, which happens to be a time-tested robust test for studying TB epidemiology [23] .
TST positivity in general population of India, a high burden TB country of the world 24 has been reported to be 30 to 41% of the population [25, 26] the range being very similar to that found in the present study on the patient population that was considered for TNFi treatment. Thus, by using 10 TU PPD for Mantoux testing, any background disease-related anergy would seem to have been overcome.
There could be several objections and disagreements both to the method and the interpretation of TST in this study. Thus, the use of 10 TU PPD was only based upon one publication from India
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© 2018 Malaviya AN, et al where authors had used this dose to overcome a degree of anergy related to chronic diseases [27] . Similarly, the use of the cut-off values and the interpretation of the results were extrapolated from the results in the normal population. Whether this could be valid for chronic SIRDs like RA and SpA, remains an open question. The other lacunae in the study were that a comparator group of patients using the standard PPD dose for the Mantoux test, i.e. 1 or 2 TU [4] was not studied. Comparison of the results of the Mantoux test with standard dose and 10 TU PPD dose, could have given more reliable and robust information. Also, 10 TUPPD was commercially obtained. The reliability of its standardizationcould be questionable.
In recent years several interferon-γ release assays (IGRA) based tests for TB have been developed. These include QuantiFERON-TB Gold (QTGIT) [28, 29] and ELISPOT/T. SPOT.TB test [30, 31] . The present report has not compared TST with any of the IGRAs, and this could be a weakness of this study. We have initiated a study comparing QTGIT and TST but the results are still not available. However, the current status of the IGRA-based assays is discussed in a Morbidity and Mortality Weekly Report (MMWR) of The Centers for Disease Control (CDC) [32] and also by Pai and colleagues on their Indian experience [3] . Both of these publications state that in general, QFT-GIT and T. SPOT.TB test sensitivities are fairly comparable and similar to those for TST. The CDC report has further quoted 11 studies that compared QFT-GIT and TST in patients in whom active tuberculosis was diagnosed [32] . In 6 of these studies, there was no statistically significant difference between the two tests. The mater was further complicated by 5 other studies 3 of them demonstrated greater sensitivity for TST while the other 2 reported greater sensitivity for QFT-GIT. Similarly, a recent paper from Brazil (a high burden TB country comparable to India) has reported that T. SPOT.TB test is not superior to TST [33] . Reviewing these reports, it would appear that in a resource-constrained country like India IGRA-based assays cannot be recommended routinely for LTBI screening. Another point of note is that large-scale nation-wide TST surveys in India have also shown that prior BCG vaccination does not significantly affect the TST results [3] . Based on these studies Pai and colleagues have stated '… the TST is a useful test for LTBI in the Indian milieu, particularly because of the low cost, relatively easy accessibility, and because BCG does not significantly affect TST specificity' [3] . Therefore, it can be confidently stated that TST can be used in India as a good test for the screening of LTBI. But, there is a caveat. Thus, if RA and SpA are considered separately it was observed that only ~ 31% of the patients with RA had a positive Mantoux reading. If the LTBI rate is ~ 40% in the general population, it would appear that a Mantoux test alone may miss some of the RA patients with LTBI. In one of the ongoing study, we have now supplemented the LTBI screening by adding QuantiFERON-TB Gold (manuscript in preparation).
Another weakness of the present study is that it does not give prospective data on the efficacy of this approach in preventing TB among those receiving TNFi treatment. Work is in progress on both of these issues, and it is hoped that some conclusive results would become available shortly.
In conclusion, based on the present study we recommend the use of modified TST using 10 TU PPD for performing Mantoux test and using >10 mm induration as the cut-off point for diagnosing TB infection. Appropriate TB prophylaxis may then be begun to prevent TB flare on initiating TNFi treatment. We propose that IRA may like to revise its policy for TB screening accordingly before initiating TNFi treatment.
